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Sands for Glass Making * 
With Especial Reference to Optical Glass 
By P. G. H. Boswell, A.R.C.S., D.LC., D.Se., F.G.S., Imperial College of Science and Technology, London, S. W. 
OF the mainfold uses to which sand is put none is more 
important than that for the making of glass. In spite 
of this fact, most glass manufacturers, like others in­
terested in industries where suitable sand is essential, 
have done little or nothing towards investigating the 
reasons for the suitability or otherwise of the sandy 
materials they use. Economic geologists are equally 
culpable in not having investigated the resources and 
characters of the abundant and varied sands, and also 
related deposits, of this country. 
The term "sand" in its popular sense includes many 
mixed products which are ruled out in the more restricted 
geological use of the words. The geologist understands 
by sand an incoherent rock made up of individual min­
eral grains with a limited range of chemical and mineral 
composition, but most importantly, having the majority 
of its grains, which are usually somewhat rounded, ly­
ing between certain size-limits. The mean diameter of 
the grains of a true sand does not rise above 2 mm., or 
fall below -/ir-mm. Thus a "very coarse sand" has a 
high percentage by weight (ideally in each case, 100 per 
cent) of grains of diameter 2 mm. to 1 mm., a "coarse 
sand" of diameter 1 mm. to � mm., a "medium sand" 
of diameter � mm. to U mm., a "fine sand" of dia­
meter U mm. to io mm., and a "superfine sand" of 
diameter -lo to ,,'0 mm. Each of these size-limits is 
known as a "grade," and the separation of a deposit 
into its constituent grades is known as "grading." 
Commercially the term "sand" includes materials of 
varying grades (as for example, molding "sands") and 
differing composition; it is also applied to the products 
obtained by crushing consolidated sandstones and 
quartzites. 
Most sands consist largely of silica occurring as broken 
fragments of the mineral quartz. The impurities present 
may consist of grains of other minerals, chemical sub­
stances tending to coat and cement the grains together, 
or as dust, etc., mixed with the deposit. 
SANDS FOR GLASS-MAKING 
Importance of sands in the process.-The choice of a 
suitable sand for use in the making of glass, particularly 
such special glasses as those for optical purposes, is an 
important question. Upon the quality or purity of the 
sand depend the transparency, brilliancy, luster, and 
hardness, of the glass, while its uniform density is deter­
mined to no small extent by the mechanical composition 
of the sand. Due regard must be paid to obtaining and 
treating suitably the sand in order that the "life" and 
"water-whiteness" of the best glass may be obtained. 
For optical glass and best "crystal" only the purest 
sands can be used. 
In the matter of bulk also, the sand is the most im­
portant ingredient, constituting 52 to 65 per cent by 
weight of the "batch," or mixture of raw materials. 
The finished product, glass, contains 60 to 75 per cent 
of silica, the increase in proportion being due sometimes 
to the fact that silica is added as felspar to the batch, 
but u�ually owing to the loss of gases, such as water, 
carbon dioxide, sulphur dioxide, etc., during the melt­
ing process. 
Nature of sands.-Sands have been produced by the 
natural breaking down of the rocks which build up 
the earth's crust. The geological agencies of heat and 
cold, frost, and rain, are concerned in this gradual 
shattering of the rocks by chemical and mechanical 
means. Running water and gravity are continually at 
work moving the disintegrated material down to lower 
levels, and eventually to the sea. 
The less stable minerals of the rocks decompose and 
are broken down into soluble salts and fine-grained in­
soluble residues, while the obstinate ones, such as quartz, 
are loosened from one another. Material of very mixed 
chemical, mineral, and grade composition, is thus pro­
duced, but the sorting action of wind and water soon 
comes into play. This sorting is controlled by the size 
and weight of the mineral fragments, the larger and 
heavier grains soon being dropped, while the fine clayey 
material is often carried for long distances. While the 
grading and the sorting of minerals according to density 
is never perfect, a strong tendency always exists towards 
simplification. The sediment, in time, comes to consist 
almost entirely of one mineral and of equal-sized grains. 
*Abstracts from a paper read before the Optical Society 
(London) and published in the Transactions of the Societl/. 
From the point of view of the production of sands suit­
able for glass-making, the last factor is an extremely 
important one. Considering purity from the stand­
point of silica percentage, pure sands are not common in 
occurrence, nor abundant when found. Great varia­
tion occurs in the mechanical (or grade) composition 
of sediments, and well-graded sands are by no means so 
frequently met with as we might expect. It is an inter­
esting fact that all the best glass-sands, i. e., the purest 
and best-graded deposits, occur comparatively late in 
the geological time-scale. 
The minerals composing sands may be divided into two 
groups, the allogenic minerals, derived from older rocks, 
and the authigenic minerals, which were formed at the 
time the rocks were deposited or subsequently. We 
are mainly concerned with the allogenic minerals. Some 
of the heavy detrital minerals are fixed chemical com­
pounds, others are molecular mixtures which vary some­
what in their composition. Among the latter are such 
silicates as the pyroxenes. amphiboles, olivines, epidotes, 
etc. 
Methods of investigation.-For the complete under­
standing of the characters and properties, and hence the 
economic uses and value of unconsolidated sediments, 
we need to know the chemical, mechanical, and mineral 
composition, and the corresponding three analyses of 
each sample. 
Chemical analyses are carried out by methods familiar 
to all, the usual procedure in dealing with rocks being 
followed. Mineral analyses are made in detail by treat­
ing the sediment with heavy liquids of densities ranging 
from 2.56 to 3.3. The minerals such as quartz and fel­
spar which usually constitute 98 per cent or more of a 
sand, have a density below 2.8 while the iron oxides, 
ferro-magnesian minerals such as biotite mica, horn­
blende, augite, epidote, garnets, staurolite, and other 
heavy minerals (aluminous silicates such as muscovite 
mica, and alusite, kyanite, sillimanite, topaz, etc., and 
also zircon, rutile, etc.) have a density greater than 
2.8. Bromoform, mercury potassium iodide solution, 
cadmium borotungstate solution, and other liquids 
of density about 2.8, are therefore employed to separate 
off the heavy crop of minerals which sink in them, from 
the lighter and much bulkier crop of quartz, etc., which 
floats. The crop of density, 2.8, usually does not reach 
over 1 per cent by weight, but it may range from 0.01 
to 4 or 5 per cent. Other methods are employed, in­
cluding microscopic examination, for the separation and 
investigation of the individual mineral grains.l 
Examination of a glass-sand under the microscope is 
easily carried out and yields interesting information. 
A small quantity of the sand may be mounted tem­
porarily in a drop of clove oil upon a glass slip. Owing 
to the fact that the mean refractive indices of quartz 
and clove oil are very close to one another, the quartz 
grains, if they are clean, are almost invisible in or­
dinary light. A very thin pellicle of clayey or ferrugin­
ous matter upon them renders them easily visible, and 
the extent of iron staining is thus quickly observed. Fel­
spar, when fresh, and unaltered, is similarly only faintly 
outlined, but when "kaolonised," i.e., decomposed into 
micaeous and clayey matter, appears dusky. Such an 
excellent glass-sand as that from Fontainebleau almost 
disappears on immersion in clove oil. Heavy detrital 
grains, when they do occur, usually stand out in bold 
relief, owing to their higher refractive indices. 
The mechanical analysis is carried out with a view 
to finding the sizes of the constituent grains, and the 
percentage by weight of each grade. 
The oldest and roughest method of making mechan­
ical separations is the well-known one of sifting. The 
method is, however, inaccurate for scientific work, and 
if carried out at all, separations should be made with 
brass or copper sieves having punched round holes of 
diameter 2 mm., 1 mm. and Y2 mm. Below Y2 mm. 
punched holes are not practicable, and squared-holed 
wire-mesh screens must be used. In all cases it is the 
mean diameter of the sand-grains which determines 
what passes the sieves, but in the square mesh sieves 
the grading is less accurate owing to the greater length 
of the diagonal of the aperture. Sifting is thus not to be 
recommended below )4 mm.; separation of smaller 
grades may be made to a fair degree of accuracy by the 
IFor details of these methods, etc., see T. Crook in Appendix 
to Hatch & Rastall "Petrology of Sedimentary Rocks." London, 
1913. 
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use of elutriation. For detailed descriptions of the 
processes of elutriation in air or water, and the various 
forms of apparatus devised, reference must be made to 
the works cited.2 Briefly put, elutriation depends upon 
the power of upward currents of air or water of varying 
velocities to buoy up grains of minerals of different sur­
face areas. It has been found as a result of both calcu­
lation and experiment that the final velocity acquired by 
a small fragment of solid, approximately spherical, 
when falling freely in a fluid, such as water, depends 
primarily upon its surface area (and, therefore, upon its 
mean diameter) and to a less extent upon its density. 
Subsidence methods have thus been used (and are used 
in industry today, e.g., in the preparation of china-clay) 
to separa te sediments in to various grades. Such methods 
are not scientifically accurate, hence the adoption of 
elutriation, where upward currents of fluid are utilized, 
equal to or just in excess of the respective falling veloci­
ties of the particles of definite grade sizes which it is de­
sired to separate. Water is generally used, and an 
elutriator consists essentially of one or more cylindrical 
vessels of known area of cross-section. The velocity 
of the upward current of water passing through is con­
trolled by the head of water outside (often adjustable) 
the diameter of the vessels, and the size of the outlet 
jet. Usually a manometer-tube is attached to the 
elutriating cylinder to register the pressure and thus 
indicate the velocity. 
A weighed quantity of sediment is placed in the 
cylindrical vessel, and by the variation in the velocity 
of the water-current, grading is effected, the respectively 
smaller grades being carried over, collected, dried and 
weighed. The various grades are calculated to per­
centage weights and the results may be expressed 
graphically. 
The apparatus is easily constructed, being made of 
glass, and should find a place in the laboratory of every 
glassworks. 
DESIDERATA OF GLASS-SANDS 
Chemical Composition.-The chemical analysis of a 
glass-sand should indicate the percentage of silica (Si02), 
alumina (AhO.) iron oxide (expressed as Fe20a), and 
loss on ignition (H20, etc.). It is desirable in sands 
generally to have a full analysis, but those proposed for 
use in glass-making should bear little more than a trace 
of alkalies, lime, magnesia, etc. The silica percentage 
should be very high, perferably over 98 per cent, which 
means that the sand must be a pure quartzose deposit. 
For common bottle-glass the percentage may drop to 
95, and for the best quality glass such as that known as 
"crystal," used for table-ware, and optical glass, the 
sand should possess 99.5 per cent or more of silica. 
Alumina is sometimes desirable in a sand, particularly 
when it is to be used for the manufacture of refractory 
ware such as thermometer-glass. Hovestadt men­
tions3 that thermometer-glass made in the Thuringian 
Forest district owes its special quality to certain sand 
found only in the neighborhood of the village of Martins­
roda. The glass stands repeated melting, blowing and 
fusing, without change, while ordinary glass. such as 
that of windows, becomes rough and dull of surface 
even after short exposure to the flame. The cause of 
excellence is believed to be due to the 3.66 per cent of 
alumina present. In sands free from iron the alumina 
usually occurs as the mineral felspar. Its presence as 
clay (hydrated aluminium silicate), either free or as a 
dust coating quartz-grains, is highly undesirable. 
Unfortunately, alumina in a sand usually carries with 
it other impurities, especially iron and lime, so that it is 
advisable to use a pure quartzose sand for glass-making 
and to add the alumina required as such to the batch 
which is melted up to make glass. 
Iron compounds are undesirable in a glass-sand, 
whether they occur as hematite and limonite coating the 
quartz, or as detrial mineral grains of magnetite, titano­
ferrite, or the ferro magnesian minerals enumerated 
above The effect is to give the glass a pale-green or 
'Schoene, E. "Ueber Schlaemmanalyse." Berlin, 1876. 
Keilhack, K. "Lehrbuch der praktishce Geologie." Leipzig, 
4th ed .. 1908. 
Crook, T. Proc. Roy. Dublin Soc. (Econ) Vol. I.; pt. 5 (1904), 
p. 267, and op. cit., p. 349. 
Stadler, H. "Grading Analyses by Elutriation." Trans. lnst. 
Mining and Metall. XX. 1912-13, p. 686. 
3 .. Jena Glass," translated by J. D. & A. Everett. MM. & Co., 
London,p.21. 
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yellow color. By the addition of decolorizers such as 
manganese dioxide, arsenious oxide, etc., a certain 
amount of correction may be obtained, and glass prac­
tically white or with an exceedingly faint pink tinge 
be yielded. For the best glass, including optical glass, 
the iron percentage (estimated as Fe20a) should not 
exceed 0.05 per cent, but for window and plate-glass, 
chemical apparatus, globes, etc., 0.1 to 0.2 or even 0.3 
per cent may be permitted. Correction for iron by 
means of decolorizers is inadvisable in the case of optical 
glass on account of the absorption of light owing to the 
neutral tint produced. 
Sands containing over 99 per cent of silica and less 
than 1 per cent of iron and alumina rarely carry more 
than a trace of lime, magnesia, titanium, potash, soda, 
etc. Sands containing any quantities of these com­
pounds are not suitable for glass-making. 
Mineral composition.-Just in the same way as valu­
able mineral products, such as gold, tin, and gems, are 
concentrated by natural agencies in stream-sands as a 
result of their high density, and are further concentrated 
by panning at the hands of the prospector, so the heavy 
detrital minerals of a sand may vary in proportion to the 
lighter quartz and felspar, according to the conditions 
of deposition. Proximity to the source of the heavy 
minerals, and oscillatory current-action after or during 
depositions, tend to increase the amount. Taking an 
average for British sands and sandstones of all geological 
ages, the percentage weight of mineral grains of density 
greater than 2:8 is probably about 0.5. In certain very 
pure sands, sandstones and quartzites, it falls as low as 
0.01 per cent; occasionally it rises in other deposits to 
4 or 5 per cent. If a sand is used for glass-making, the 
percentage of heavy minerals should be low, since iron 
oxides and ferromagnesian silicates constitute a large 
proportion of the dense minerals present. 
It is now possible to recognize many sands both as 
regards geological age and locality, from their heavy 
mineral assemblages. A considerable number of min­
erals, with much variety of form, size, color, inclusions 
and degree of alterations, in their grains, may be met 
with in these assemblages, and detailed examination 
will in most cases serve to indicate whether successive 
consignments of a sand come from the same bed or pit. 
Glass-manufacturers, in using the methods of mineral 
analysis, have in their hands a valuable check on such 
foreign deposits as Belgian and Dutch sands. 
Mechanical composition.-A perfectly-graded ideal 
sand would have all its grains of closely the same size, 
that is, 100 per cent by weight lie between two close 
limits of size (as defined in the second paragraph of 
this paper). 
No natural sands are perfectly graded, but those 
which most nearly approach the ideal are shore-sands 
and dune-sands which have been continually winnowed 
by wind and washed by water. Smaller grains have 
all been carried far away. and larger ones left behind 
when the deposits themselves have traveled along the 
shore. 
By subjecting the sands which have proved most suc­
cessful in glass-making (as well as those which have not) 
to mechanical analysis, it has been found that the grade 
is an exceedingly important factor. A few glass-manu­
facturers who have studied the technique of their work 
have realized this and placed the question of size of 
grain on an equality with that of chemical composition. 
Nevertheless, no systematic work seems to have been 
done, but it is to be hoped by now that elutriators have 
been set up in the laboratories of a few glass-works. 
In order that the batch containing the sand, alkalies, 
and other compounds may melt freely, evenly, and as 
rapidly as possible, at least 70 per cent of the sand should 
be of one grade, perferably medium sand of diameter 7.l 
to Y2 mm. The practice in the United States glass industry 
appears to consist in the use of graded deposits of rather 
coarser grain than in this country. The presence of 
coarser fragments than the average in a glass-sand re­
sults in these being left unmelted as "stones" while the 
rest of the batch has become molten "metal." If heat­
ing is continued until the "stones" are also dissolved 
some glasses are spoilt by the chemical changes which 
take place, and the fresh gases which are evolved. 
Finer material belonging to the clay grade (diameter 
less than 0.01 mm.) or silt grade (diameter between 0.01 
and 0.05 or possibly 0.1 mm.), whether occurring as thin 
pelliclE's on the larger quartz grains, or acting as a bind, 
is inimical from the glass-making point of view. Clayey 
material, especially if it is such a pure clay as kaolin 
or china-clay, is refractory, and clouds the glass. Fine 
particles also carry with them air-bubbles, from which 
it is very difficult to clear the metal. If the batch is 
melted in pot-furnaces, the finer quartzose material 
(superfine sand, silt, etc.) tends to melt first and sink 
to the bottom. Subsequent melting of the rest of the 
batch results in the production of a pot of metal of vary­
ing chemical composition and density according to depth, 
as usually no arrangements are made for stirring the 
mixture. The variation in density of the metal results 
in the production of objectionable" wavy" and" cordy" 
glass upon blowing. 
TANK FURNACES 
When tank-furnaces are used, the strong blast of air 
and gas which plays through the "ports" in the side 
walls over the bath of metal, carries off the fine material 
of the sand, and a real loss in bulk occurs, as well as a 
change in chemical composition of the remainder. The 
other powdery material of the batch such as soda-ash 
(Na2COa) melts too rapidly to be lost, but the fine silica 
dust is more refractory and "blowing-out" results be­
fore it can be melted. The statement that in America 
glass-making, sand of diameter less than i. in burns 
out in the batch4 is not borne out by British and Con­
tinental practice, where sands of diameter down to 7.l 
or even 110 mm. (lh to 1r�0 inch) are continually in use. 
Fine sand of diameter 7.l to lo mm. diameter does not 
appear to be objectionable-rather the reverse, but it 
is not easy to find pure and well graded deposits 
of this character. The important point is that for 
most glasses, the melting of the batch should be rapid 
and even. 
Sha"[Je oj Grain.-Some disagreement exists as to how 
far the shape of the grains constituting a sand is of im­
portance in glass-making. Most manufacturers, if 
they have a preference, lean towards the use of an angular 
or sub-angular sand. However, sands composed of 
rounded grains are successfully used for glass-making 
in the United States. 
The most obvious reason for the preference for angular 
grains seems to be that the grains fuse more rapidly in 
the batch, the melting proceeding at the corners and 
edges of the grain. The tendency of the batch to 
pass freely, quickly and evenly into metal is thus 
increased. 
These remarks do not apply altogether to the making 
of optical glass, where no danger of blowing out exists 
a long period of melting is required, and stirring is always 
adopted. 
Other Considerations.-It is necessary. that a glass­
sand should be dry, for moisture present tends to form 
bubbles or otherwise spoil the glass or cause variation 
in its properties (e.g. in optical glass). For all special 
work, the sand, or batch including it, is dried in large 
ovens. 
Freedom from organic matter should also be ensured, 
for it usually has a reducing action which is not always 
desired in glass-making (though coke is sometimes added 
for that purpose in making common glass, as, for example, 
where salt-cake is used). Organic matter is burnt out 
with the water during the roasting in the ovens. 
Water and organic matter appear in':'the chemical 
analyses under "loss by ignition." 
The ideal sand for making the best glass is thus one 
with practically 100 per cent silica free from all but the 
slightest trace of iron, and composed of angular grains 
of quartz (but not other forms of silica as well) all of the 
same size. The sand should also be dry and cleared 
from dust or any clayey coating on the grains. Although 
not so essential, it is desirable not to have organic matter 
present. 
TREATMENT OF SANDS 
Washing.-Many British sands may be improved by 
violent agitation with water. The improvement may 
be threefold; a better grading may result. It does not 
appear possible by washing to convert a second or third 
quality sand into a first quality one. An irreducible 
minimum of ironoxide always remains and cannot be 
washed away. 
The washing is usually carried out in this country by 
means of rotary plant. The sand is fed in at one end 
of an iron cylinder which is rotated. Water pipes run 
through the upper part of the cylinder and spray the 
sand, which is forced down the chamber by a screw­
action. The dirty water runs off at the opposite end. 
The sand is drained and usually is left to dry in the open 
air. In some cases it is washed twice over. 
Although the best sands, such as those from Aylesbury 
and Fountainebleau, are not improved in the matter of 
iron-percentage by washing, they are frequently and 
advisedly treated in this way at the works when they 
are required for optical and special glass-work. The 
washing then removes dirt, dust, coal, other organic 
matter, etc., picked up during transport. 
By experimental work with elutriators, etc., washing 
may be controlled so as to eliminate only the grades 
which it is desired shall be absent, For example, a 
current of velocity 3 Y2 mm. per sec. (42 ft. per hour) 
will carry off all particles of diameter less than 0.075 mm. 
Drying and Burning.-Thorough drying is rarely at­
tempted by exploiters of sands in this country, so has 
United States Geological Survey Bull. 285 (1906), p. 454. 
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often to be carried out at the glass works. The drying 
apparatus is usually a form of large oven, but in the 
United States, tier-dryers, rotary methods and steam­
coils are used. 
Apart from the mere improvement in color as the 
moisture is driven off, the burning of sand often affords 
a valuable indication of the approximate amount of 
iron present. The burning registers only the iron present 
as staining, and not that in the form of iron-bearing 
minerals, which usually remain unchanged. Black 
specks of coaly matter, which might otherwise at first 
sight be confused with magnetite or titanoferrite, then 
burn out and indicate their organic origin. 
Magnetic Methods.-Sands bearing a considerable 
amount of heavy mineral residue are, as previously 
noted, generally unsuitable. Many of the heavy grains, 
particularly the oxides and ferro-magnesian silicates, 
react with the electro-magnet, and may be separated 
thereby from the quartz. In the United States glass­
sands have been freed in this way from magnetite. 
No chemical methods yet suggested have been both 
completely effective in cleaning a sand of iron and reason­
ably cheap at the same time. 
Treatment of Crushed Rocks.-At the outset it may be 
pointed out that crushed sandstones and quartzites, or 
even crushed forms of silica, such as quartz, have never 
found much favor with British manufacturers. Similar 
materials, after suitable treatment, appear to be ex­
tensively utilized in the United States. 
The importance of using well-graded sands especially 
for optical glass has been emphasized. The crushing of 
rocks always produces material of all sizes from a cer­
tain limit downwards. Mining engineers are still en­
deavoring to devise a machine that will grind or crush 
rocks to a fine, even grade without producing dust, which 
is waste material. The great evil of rock-crushing lies 
in the quantity of dust produced. 
To produce an effective sand from this crushed mate­
rial, the fine grades and dust must be washed away with 
suitably adjusted water currents, the velocities of which 
have been determined as a result of elutriation experi­
ments. The mixture must also be sifted to remove 
coarse grades. The cost of quarrying, crushing, and 
sifting, has generally been already too great to permit 
of washing also, the price of the unwashed material being 
prohibitively high even in the neighborhood where it is 
produced. Considering also the high freights, it will 
be seen that it is improbable on these grounds alone, 
that crushed rocks even with high silica and low iron 
content, will replace glass-sands to any extent in this 
country. 
The objections to the use of crushed rock-material 
in the actual manufacture of glass are serious. It has 
been pointed out that coarse grains produce "stones," 
and fine dust "blows out," entangles air bubbles, and 
gives glass which is not of the same density throughout. 
It is essential for optical glass more than any other that 
homogeneity should be obtained and defects and bubbles 
eliminated. As in the case of crushed quartz-crystals 
themselves, it is also objected by many glass-manu­
facturers that the metal produced from the crushed 
material tends to be "cordy" and "wavy," and to re­
main "sticky" too long during cooling, which also iii 
protracted more than is desirable. Whether this is the 
result of the mixture of fine grades, of the prescence of 
two allotropic modifications of quartz (for example, a 
and (3 forms differing crystallographically and physically) 
one possibly as matrix, of the different hydration of the 
silica acting as cement, or of the presence of inclusions 
in the quartz, is not known. Investigation is now being 
carried out upon the question. 
A War-Time Sales Argument 
ONE of the large meat-packing concerns suggests an 
interesting sales argument for retailers who find that 
their customers are buying smaller quantities of meat. 
The argument is that if the people in comfortable cir­
cumstances reduce the amount of food consumed by 
weight they will be inclined to make up this economy by 
purchasing choicer cuts and the very best quality in 
everything. In that class of trade where the retailers' 
customers are saving for patriotic reasons rather than 
personal economy, it is perfectly legitimate for mer­
chants to urge that the choicest varieties of food be served 
during war times. Unfortunately for the validity of 
the argument, at least as far as beef is concerned, it is 
impossible to buy choice cuts of this meat in this coun­
try, except in a few of the larger cities, and in few shops 
even there. 
It is well known to insiders that the greater proportion 
of the really first-class beef is shipped abroad, for the 
average Englishman would not touch the quality com­
monly sold in this country. Moreover, he doesn't pay 
any more for this first-class meat than we in America 
pay for second and third class beef. 
